The safety of HMG-Co reductase-inhibitors (statins) is of great interest to clinicians, policy makers and the public. Although myopathy is well documented as a side-effect of the statins, the increase in numbers of patients using this drug class may cause more of these case symptoms to be reported.
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Apart from their effect on the lipid profile, statins have other clinical effects. Some of these effects eg improvement in endothelial function is relatively well documented, but other effects require further studies to prove clinical significance. Animal, in vitro and some observational studies have shown positive effects on bone mineralization and reduction in bone resorption with the use of statins. 2, 3 This article will focus on the effects of the statins on muscles and bones, with specific focus on statin-induced myopathy and the possible role of statins in osteoporosis.
BACKGROUND
Statins as a class have been widely used for more than a decade and their safety and efficacy has been well documented. Researchers emphasize that statins are still the best drugs for treating elevated cholesterol thereby reducing the risk of heart disease, stroke and total mortality. 4, 5 Statins have also been shown to improve endothelial function by increasing nitric oxide production through upregulation of nitric oxide synthase. Endothelial dysfunction is an early indication of organ injury after acute events like stroke, myocardial infarction, haemorrhage as well as chronic disease conditions such as hypercholesterolaemia and diabetes. It is a good prognostic indicator of cardiac events and mortality therefore an important target for intervention. 4 In addition laboratory studies have shown that statins have a variety of other actions including antithrombotic, anti-inflammatory, antioxidant, vasodilatory and anti-proliferative effects. 4 However, large, prospective randomized trials are required to confirm whether these effects are clinically significant.
MECHANISM OF ACTION
Most cholesterol is synthesized in the liver, and statins work by inhibiting the formation of the enzyme involved in its synthesis. Inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase interrupts the conversion of HMG-CoA to mevalonate, a precursor of sterols and cholesterol. Mevalonate is a component in the biosynthetic pathway that is shared by cholesterol, ubiquinone, also known as coenzyme Q10 (CoQ10), and isoprenylated regulatory proteins. 4, 5 (see Figure 1 ). This inhibition results in a drop of intracellular cholesterol concentration in the hepatocyte, up regulation of LDL cholesterol receptors and ultimately an increased clearance of LDL cholesterol from the plasma. 6 Clinically, statins in combination with dietary therapy reduce LDL cholesterol and triglycerides and increase HDL by varying percentages depending on the type and strength of statin used. Regardless of the mechanism, benefits still remain pervasive, with statins' proven efficacy in lowering LDL cholesterol in a dosedependent manner. 6 Efficacy of statins varies from agent to agent and the choice of statin will depend on the number of cardiac risk factors a patient has, and the therapeutic goals for the patient. 6 Please refer to Table 1 where the efficacy of atorvastatin in comparison with other statins is reflected. From this table it is clear that atorvastatin is a very potent statin. In terms of LDL-lowering effect, Atorvastatin at a dose of 10mg/day can be considered "therapeutically equivalent" to simvastatin 20mg/day.
MUSCLE TOXICITY
Statins are known to be associated with muscle toxicity, but there is no clear data to verify the extent of the problem in terms of both severity and frequency. 4 Cerivastatin (Baycol ® ), for example was withdrawn from the market by the manufacturer in 2001, following reports of severe adverse muscle toxicity and death. 5 The mechanism of statin myotoxicity is unclear 6 but there are several theories proposed, all of which are still under investigation. The following are some of these theories: 4, 5 • Decrease in ubiquinone (CoQ10): Because statins inhibit the production of mevalonate, a precursor of CoQ10, the synthesis of CoQ10 may also be inhibited. CoQ10 is involved in energy production via the mitochondrial respiratory chain. Thus decreased levels of CoQ10 could have adverse effects on muscles.
• Decrease in isoprenylated regulatory proteins:
Mevalonate leads to the activation of regulatory proteins such as guanosine triphosphate (GTP)-binding proteins. These GTPbinding proteins are important in cell health and control of apoptosis (cell death). As statins inhibit the activation of these regulatory proteins, uncontrolled cell death may occur.
• Cell membrane instability: The reduction of cholesterol in skeletal muscle may cause instability of the cell membrane, with resultant muscle damage.
Myotoxicity by a statin appears to be dose dependent and can occur suddenly, weeks or months after the drug has been initiated. 5, 6 Thus the risk of myopathy increases if the serum concentration of the statin increases. Factors that increase this serum concentration eg volume of distribution, drug metabolism and catabolism, can thus increase the risk of myotoxicity.
Factors that may increase the risk of myopathy include: 4, 5, 6, 9 • Renal and hepatic dysfunction 
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for myotoxicity. 5 However, recent recommendations support consideration of this combination in patients with elevated triglycerides and low HDL-C who are at high risk for developing coronary events.
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Warfarin (Coumadin), digoxin, amiodarone, diltiazem, cyclosporine, azole antifungals, and macrolide antibiotics or even grapefruit have been reported to interact with statins, therefore creating the potential for rhabdomyolysis. 5, 6, 8, 9 The majority of the drug interactions resulting in myotoxicity occur due to the inhibition of the CYP3A4 enzyme by the concomitant drug. The chance of interaction also depends on the type of statin used. Simvastatin, lovastatin and atorvastatin are predominantly metabolised by CYP3A4 and fluvastatin mainly by CYP2C9. Pravastatin, however, does not undergo extensive liver metabolism and no clinically significant plasma elevations are expected to occur with inhibitors of the CYP450 enzyme system. 6, 8, 9 Renal and hepatic dysfunction, as well as diabetes and hypothyroidism also increase the risk of muscle adverse effects in statin users. 3, 5 Unfortunately, patients who may benefit the most from statin therapy are often the ones with co-morbidities, requiring multiple medications that put them at high risk for myopathies. 4, 5, 6 To varying degrees, each of the lipid-lowering agents available can cause myopathy (see Table 2 & 3). The reported muscle complaints include myalgia, myositis and life threatening rhabdomyolysis. 1, 5, 6 • Myalgia is muscle pain, aching or stiffness without elevated creatinine kinase (CK) levels and is the most common muscle complaint among patients.
• Myositis refers to inflammation of the muscle, resulting in myalgia-type symptoms with increased CK levels above the upper limit of normal (ULN).
• Rhabdomyolysis is muscle damage or breakdown due to severe inflammation. Rhabdomyolysis results in the release of the muscle cell contents (myoglobin) into the blood stream causing possible damage to the kidneys and other organs. CK levels are typically more than 10 times the ULN.
Some evidence indicates that statin use can exacerbate the normal CK elevations seen after exercise. 4, 5, 6 A randomized controlled study by Thompson et al in 59 men with high LDL showed that CK levels increased by an additional 62% and 77% in patients receiving 40mg of Lovastatin after 24 and 48 hours post exercise respectively, as compared to the control group who received placebo. 5, 9 Statins share a common site of action but different cholesterol biosynthetic pathways depending on whether they are hydrophilic or liposoluble. Penetration of a statin into extrahepatic tissue increases with increasing lipophilicity. 9 These distinctions therefore account for the variation in muscle side effects among the agents. 6, 9 • Hydrophilic statins: Fluvastatin and Pravastatin are hydrophilic. They rely on a specific protein to transport them through the cell membrane. Cerivastatin was the most lipophilic statin until its withdrawal. Simvastatin and lovastatin are the next most lipophilic, followed by atorvastatin.
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In randomized controlled trials, the frequency and severity of muscle problems did not differ significantly between statin treated and placebo groups. 4 (Refer to Table 3 )
Monitoring
The following are recommendations by The American Heart Association, American College of Cardiology and National Heart Lung and Blood institute on the evaluation, monitoring and management of muscle complaints:
• Patients should be evaluated for muscle symptoms (i.e. muscle tenderness or muscle pain) before starting therapy.
• Baseline CK testing, with follow-up testing 6-12 weeks after therapy has been initiated and on each follow up visit.
• Baseline liver function test must be performed, with follow-up testing 12 weeks after starting therapy and thereafter annually (severe liver dysfunction can reduce hepatic metabolism thus increase risk of muscle toxicity).
• Patients should report any muscle discomfort or weakness, or brown urine upon which CK testing should be done.
• If muscle symptoms occur and if CK levels are above 10 times the ULN, statin therapy should be discontinued. In asymptomatic patients with these increased CK levels, the physician should seriously consider stopping the statin.
• If CK levels are between 3-10 times ULN then CK levels should be monitored weekly until there is no more concern or no more corrective action is needed. The statin may be continued unless there are progressive symptoms or progressive CK elevations on serial tests. • In at-risk patients statin therapy is contraindicated before any surgical procedure and for some time post surgery.
However a slightly less conservative approach is followed by some physicians like Dr E.A Briton, director of the Metabolism Section of Cardiovascular Genetics, and associate professor at University of Utah School of Medicine: according to him CK levels vary from • If patient has true myopathic symptoms but a normal CK level, statin therapy will be deferred.
• If the CK level is elevated but myopathic symptoms are equivocal, the level and degree of CK elevation will be taken into consideration to determine whether it is a true case of myopathy.
• If the CK is above 10 ULN in patients on a statin, statin therapy is stopped temporarily and lower doses or a change to a different statin is considered. 1 
Conclusion
Patients should be properly evaluated before initiation of a statin, and closely monitored while using the statin. 9 Muscle problems increase with serum concentration of statin, and many factors can potentially influence this concentration. 4 Although statins are associated with various muscle side effects, these adverse affects are reversible upon withdrawal of therapy.
4,5

STATINS IN OSTEOPOROSIS
It has been hypothesized that statins have an ability to improve bone health due to their interference with bone metabolism through various mechanisms. Two proposed mechanisms are:
• Statins may block the mevalonate pathway -the same pathway blocked by bisphosphonates further downstream through inhibition of farnesyl pyrophosphate (see Figure 2) . Because of the reduction in mevalonate, activation of osteoclasts (cells responsible for the removal of bone) could be reduced.
• Statins may have an anabolic effect in bone, via the promotion of morphogenetic protein-2 (BMP-2), a potent anabolic agent.
2,3
Mundy and colleagues were the first to report the ability of statins to promote bone formation. They confirmed these results by transdermally introducing lovastatin to rodents and the trabecullar bone in the rodents was increased by 57%. Similar but less dramatic results were observed in rodents which were given an oral daily dose of lovastatin over a period of 35 days. 10 Lovastatin enhances the synthesis of bone morpho-genetic protein 2 (BMP-2), which increases osteoblast differentiation and bone formation. Upon examination simvastatin, mevastatin**, and fluvastatin also demonstrated similar results when injected in murine skullcap bones.
3 (**Not available in South Africa)
Mundy's report paved the way for several other research groups to conduct observational studies on the association of statin use and the quality of bone in humans.
10 Table 4 summarizes the key points of some of these studies. 2, 3, 11, 12, 13 
Discussion
Both animal and observational studies still show conflicting results on the effect of statins on the bone. Although statins may show an antiresorptive or anabolic effect on the bone, this probably differs among various statins depending on the potency of each statin. 12 Generally statins undergo a first-bypass metabolism in the liver, so only about 5% of the administered statin will be available in the peripheral circulation. 11 Furthermore, the lipophilicity of the statin plays an important role: pravastatin, which is water-soluble, does not enter cells easily and of all the statins may be least likely to have an effect on bone. 12 
Conclusion
Prospective randomized controlled trials are required to ascertain whether the statins do have beneficial effects on bone, and whether this effect is on the same level of magnitude as the effect of the drugs that are used specifically to treat osteoporosis. 12 Insight from the reviewed studies may however lead to the development of similar molecules that more effectively promote bone formation and inhibit resorption. This publication should not be construed as providing advice by MediKredit or any of its employees. The information contained herein are general summaries of developments or principles of interest and may not apply directly to any specific circumstances. This publication is intended for use by pharmacists and other health professionals. Readers of this information should obtain expert professional advice before any action is taken based on this publication or any part thereof. MediKredit does not warrant the accuracy or medical correctness of any information contained herein.
